Abstract-In this paper we investigate the precise focus required of a telemonitoring system for the domain of independently living elderly. Particularly, we investigate (1) the needs of telemonitoring for this particular domain, and (2) the requirements for such a telemonitoring system. For our investigation, we performed an extensive study of the literature, as well as performed interviews with 36 individuals active in the field. As a result, we established numerous needs to be considered, being foremost information need on safety, with regard to care response on emergencies (e.g., falling incidents, wandering), as well information need on dependence on care, with regard to inactivity, self-neglect and loneliness. Subsequently, we established numerous requirements to be addressed, being foremost the use of non-wearable sensors, unobtrusiveness, durability, reliability, privacy, and ubiquitousness. In our discussion of the requirements, we detailed specifically the topics of focus, functionality, and form of a telemonitoring system for this domain.
I. INTRODUCTION
Telemonitoring concerns the use of information technology to monitor people at a distance. Literature suggests that the most promising application for telemonitoring is for chronic illnesses such as cardiopulmonary disease, asthma, and heart failure [1] . Moreover, telemonitoring is regarded as a way of responding to the new needs of home care in an ageing population [2] , [1] . That is, the population of people aged 80 or over is projected to increase more than five times by the year 2050 [3] . As people age, they depend more heavily upon outside support for health assessment and medical care. Currently, health-care infrastructure is not adequately adjusted to meet the growing needs of an increasingly older population [4] , [5] , [6] .
In the research discussed in this paper, we focus particularly on telemonitoring for the independently living elderly. Demographic changes and social and political influences are leading to a greater number of elderly people living alone [7] . Particularly this group is prone to unscheduled and costly hospitalisation that would have been avoidable should accurate assessments on the client's health and wellbeing have been available. Though numerous systems for telemonitoring have been developed [1] , the precise focus required of a telemonitoring system for the domain of independently living elderly remains unclear. That is, there is a demand for an overview with respect to (1) the needs of telemonitoring for this particular domain, and (2) the requirements for such a telemonitoring system. The present paper contributes in this regard by providing an overview of needs and requirements on the basis of an extensive literature study and interviews with distinct target groups.
The outline of the paper is as follows. We first give an extensive overview of related work in the field of telemonitoring (Section II). Subsequently, we describe our approach to establishing an inventory of the needs (Section III). Next, on the basis of the determined needs, we set the requirements for a telemonitoring system for independently living elderly (Section IV). Finally, we provide conclusions and describe future work (Section V).
II. RELATED WORK
In our overview of related work we first discuss approaches to telemonitoring that we consider relevant for the domain of independently living elderly. We distinguish between approaches to monitor vital signs (e.g., heart rate) (Subsection II-A), to detect non-medical emergencies (e.g., falling incidents) (Subsection II-B), and to monitor activities of daily living (e.g., feeding) (Subsection II-C). Subsequently, we report on related work with regard to the needs and the requirements for a telemonitoring systems for independently living elderly (Subsection II-D).
A. Monitoring of vital signs
Literature has demonstrated that many vital signs can be telemonitored successfully. A substantial focus of telemonitoring systems for vital signs lies on measuring cardiovascular activity. Research has been performed into monitoring heart rate [8] , [9] , fetal heart rate [10] , blood pressure [11] , [12] , [9] , [8] , ECG [13] , [14] , [8] , [15] , [9] , pacemaker parameters [15] , [16] , and stethoscopy [17] . Another strong focus lies on telemonitoring systems to measure aspects of metabolism. For instance, systems exist to measure basal metabolic rate [18] , blood glucose [19] , blood lactate [20] , blood ethanol [20] , physical exercise [19] , and body temperature [20] , [8] .
In addition, hematologic telemonitoring systems have been developped [21] , as well as respiratory system to measure e.g., pulse oximetry [9] , spirometry [22] , [23] and respiratory rate [8] , [14] . Neurologic systems that measure and transfer EEG [24] and EMG [25] have been developed, as well as systems to measure intravesical urological pressure [26] .
B. Detecting non-medical emergencies
Information provided by a telemonitoring system may be utilised for the task of detecting automatically emergency situations. In this paper, with emergency situations we refer to situations (1) which require immediate care, (2) of which the occurrence cannot be anticipated straightforwardly, and (3) of which the required care does not concern specialist medical knowledge (i.e., as opposed to the occurrence of a heart attack). Common instances of such emergency situations, which form a major health hazard, are falling incidents and wandering [27] .
With regard to detecting falling incidents, a study by Horton [28] established that telemonitoring systems may indeed be used to initiate adequate response of the medical staff, and effectively result in a greater sense of security by elderly clients. Telemonitoring systems for detecting falling incidents are often implemented by means of wearable sensors [29] , [30] . An alternative approach is detecting falling incidents without human-attached sensors, for instance by means of vision systems [31] , [32] , (infrared) sensors that are placed in the home environment [33] , [34] , or acoustic measurement [35] .
With regard to detecting wandering, numerous telemonitoring systems have been developed for detecting straying and wandering behaviour. Analogously to systems for detecting falling incidents, these systems may utilise wearable sensors [29] , [36] , [37] , or may utilise sensors that are placed in the home environment [38] , [39] . In case of the later, thresholding of sensory input within a predetermined timeframe may already provide a rudimentary form of monitoring. For instance, most elderly residents of assisted living residences may safely be allowed to wander off the premises during the night, while for particular residents the same behaviour should trigger an alarm.
C. Monitoring activities of daily living
Literature indicates on the importance of certain activities of daily living and their difficulty in measuring [5] , [40] . Particularly, the literature concerns the basic activities of daily living (ADL) as defined by Katz [41] . As discussed in an overview article by Logan et al. [42] , numerous systems have been proposed for gathering data on activities of daily living, e.g., systems based on accelerometers [43] , [44] , [30] , [45] , wrist worn RFID readers [46] , vision systems [47] , [48] , [32] , [49] , localisation technology [50] , and networks of relatively uncomplicated sensors [51] , [52] , [53] , [54] , [55] , [56] , such as infrared motion-sensors.
Once sensory data on the subject's activities of daily living has been gathered, the data is subsequently utilised by pattern recognition methods for classification of the activity that was observed [57] , [46] , [4] , [56] , [53] , [58] . Results of the studies reveal that numerous activities of daily living may be classified with a generally high accuracy. Still, for application in practise, it remains of importance to consider the need and requirements for the domain of independently living elderly.
D. Needs and requirements
With regard to the needs for a telemonitoring system for independently living elderly, where needs are defined as something that is required or wanted, a study by Sponselee et al. [59] shows that health-related restraints that cause difficulties in daily life, increase the need for telemonitoring, and therefore increase the beneficial outcome effects of the technology for people. The same study shows that, in accordance with Maslow's pyramid, the most important functionality of the system is the alarm (with care support). Once the most important needs (safety & care) are met, then higher order needs become more important (social contact). Analogously, research by Damodaran et al. [60] reveals that the key needs expressed by older people are: to live independently for a long as possible, to feel safe and secure, to be able to care for themselves and their homes, to enjoy a fulfilling life; and to enjoy life outside the home, as far as any impairments they have will allow. Recapitulating, literature indicates that the expressed needs generally refer to the following constructs: (1) general health, (2) housekeeping, (3) sleep, (4) personal hygiene, (5) mental wellbeing, (6) social interaction, (7) medicine intake, (8) eating and drinking, and (9) safety [61] . We will adopt these constructs in the remainder of our investigation.
With regard to the requirements, defined as prerequisites for fulfilling a particular needs, a study by Diaz et al. [62] concluded that elderly require (i) technology that is easy to learn and use, particularly were it to alter or replace a currently accepted method or device, (ii) new technology to be integrated in devices which they already master (as opposed to being introduced with a novel instrument), and (iii) technology that empowers their independence (as opposed to being dependent on assistive technology). The most important non-functional requirements for this domain are the use of non-wearable sensors, unobtrusiveness, ease of use, validity of information [63] , durability [64] , specificity, and reliability [65] . In addition, monitoring should be ubiquitous, so the monitored person would not need to remember to enable (or don) the equipment [66] . Requirements with regard to privacy, which are of evident concern to the present domain, pertain selective disclose, patient centricity, pseudonimity, and conditional deanonymization [67] .
III. INVENTORY OF NEEDS
As noted in the introduction, there is a demand for an overview with respect to the needs of telemonitoring for the domain of independently living elderly. In the present section we report of this inventory of needs. First we discuss the method that was employed to establish the inventory (III-A).
Subsequently, in the subsections that follow, we report on results of interviews with health-care professionals (III-B), volunteer aids (III-C), residents of assisted living residences (III-D), and medical specialists (III-E).
A. Method
To establish an inventory of needs, we used semistructured in-depth interview techniques. For the interviews, we searched for participants from groups that will be involved most with the end use of a telemonitoring system, i.e., (1) health-care professionals (nurses), (2) volunteer aids, and (3) residents of assisted living residences. In addition, we consulted (4) medical specialists (e.g, geriatric specialists, physiotherapists, general practitioners) via an open, unstructured group discussion. The global setup, participants, and procedure of the interviews is discussed below.
1) Global setup:
Interviewees from all target groups generally have little or no knowledge of telemonitoring systems and related techniques. As a result, an interviewee may have difficulty imagining the use and implications of telemonitoring for the domain of independently living elderly. Therefore, prior to the interviews, potential participants were invited to attend an information meeting, which introduced the concerning techniques using general phrasing and video material that showcased previously successful telemonitoring systems and ambient technology. Approximately ninety per cent of the later interviewees attended the information meeting. In case an interviewee did not attend the information meeting, the interviewer provided an ad hoc introduction to telemonitoring prior to the concerning interview. We utilised two distinct interview styles, namely (A) an open, informal style, and (B) a structured style with open questions, to stimulate the interviewees providing detailed opinions, experiences, and (implicated) descriptions of needs. The questions concern telemonitoring and the daily living / work routine, and are detailed on http://sander.landofsand.com/index.php? research.
2) Participants: A total of 36 individuals participated in the interviews (see Table I ). The participants were acquired via contacts at two unrelated nursing institutes in the Amsterdam, The Netherlands region. Selection of participants took place via the following criteria. For interviews with the elderly: an elderly of age 65+, living in an assisted living residence, no serious visual or hearing impairment, concentration span of approximate one hour. For interviews with volunteer aids, health-care professionals and medical specialists: a professional under contract for proving care for the abovely defined group of elderly.
3) Procedure: In the interviews, we utilised a list of open questions which implicitly refers to constructs that were found relevant according to the literature (see Subsection II-D). We recall that these constructs are general health, housekeeping, sleep, personal hygiene, mental wellbeing, social interaction, medicine intake, eating and drinking, and safety. We discern between interviews that are performed in an open, informal style, and interviews performed in a structured style. The open interviews question informally, and in an openended fashion, the participant's conception on the benefits of telemonitoring. On the other hand, the structured interviews are not-open ended, and are focussed specifically on determining the particular group's need, c.q., need for specific information. Each interview style has distinct questions, of which a full list is available online. For analysis of the interviews, all interviews were recorded and transcribed into text. Utilising the transcribed answers, we determined whether or not the participants addressed the predetermined constructs in their answers. This was performed via (1) a syntactic matching of construct keywords, and synonyms therefore (e.g., hygiene, bathing, showering, etc.), and (2) a qualitative coding of themes, where the themes match the constructs that were suggested by the literature. Particularly, we determined if the information need is (or is not) met in the current situation, i.e., without the use of telemonitoring. In addition, we determined if, at present, information on a certain construct is currently administrated by a care taker or by the elderly.
B. Interviews with health-care professionals
Here we discuss the results of interviews with health-care professionals that operate in the domain of assisted living residences. As discussed in Subsection III-A, the interviews were carried out (1) in an open, informal style, as well as (2) in a structured style.
Open interviews with health-care professionals reveal that, in their view, monitoring techniques are relevant to the domain of assisted living residences, albeit in a limited context. This context is suggested (1) to concern foremost the monitoring of residents with a relatively high risk on immediate hospitalisation, and (2) to consider strictly the desire of residents for private and independent living. Interestingly, some health-care professionals put forward that additional monitoring may be required in the near future to relieve the work routine of care-takers, and, ideally, provide a higher quality of service for the residents. In particular, the majority of professionals envision an important role for preventive monitoring, i.e., monitoring the health and wellbeing of residents for the purpose of early detection and prevention of medical complications and hospitalisation. These initial findings suggest that pervasive healthcare technology in the domain of assisted living residences should be focussed foremost on detecting and responding to emergencies. Though additional monitoring may benefit directly elderly residents and healthcare professionals, we surmise that their acceptance is determined foremost by the ability to control and influence the technique, and by implication, the (careful) design of the pervasive technology.
Structured interviews with health-care professionals were focussed on the information need of this particular group. For the complete results, we refer the reader to Table II. The interviews reveal that the information need of health-care professionals concerns foremost indicators on the sufficiency of care provided to the elderly, in relation to potentially deteriorating health and wellbeing. That is, residents typically receive care with regard to personal hygiene and general health. Whether or not the residents require additional care, as indicatory to mental wellbeing, social interaction, and safety is of particular interest to the health-care professionals. To this end, they attempt to establish a conclusion on a resident's independence. In practice, the health-care professionals may be unable to establish such a conclusion reliably due to (1) non-periodic or non-existent contact with the 
C. Interviews with volunteer aids
Here we discuss the results of interviews with volunteer aids that operate in the domain of assisted living residences. As discussed in Subsection III-A, the interviews were carried out in a structured style. The interviews with volunteer aids were focussed on the information need of this particular group. For the complete results, we refer the reader to Table III . The legend of the table is identical to that of Table II . A side-by-side comparison of the results is given in Table IV . It is discussed further in Section IV.
The interviews reveal that the information need of volunteer aids concerns foremost safety, relating to cases of falling incidents, fire, wandering, and intruder alert. In addition, the information need of volunteer aids was expressed to focus on deviations in sleep (e.g., leaving the bed), medicine intake (e.g., dosage, time of intake), eating/drinking (e.g., quantity, time of intake), general health (e.g., blood pressure, body temperature, signs of dementia), and social interaction (e.g., leaving the house). Particularly sleeping is of interest of this group, as elderly may require professional care once they wake up. Subsequently, the moment and amount of medicine intake and eating/drinking is generally decided and administrated by the elderly. As a result, volunteer aids may have incomplete or inaccurate insight into the actual health and wellbeing of the monitored elderly.
D. Interviews with residents of assisted living residences
Here we discuss the results of interviews with residents of assisted living residences, which were carried out (1) in an open, informal style, as well as (2) in a structured style (cf. Subsection III-A).
Open interviews with the residents indicate that they may accept telemonitoring to the extent that it is used for the purpose of detecting and responding to emergencies (e.g., falling incidents, wandering). However, the suggestion of additional forms of monitoring is received with opposition by the majority of the interviewees, even if it were to concern monitoring slowly developing medical conditions (e.g., cystitis). It is expressed that, considering the resident's desire for independent and relatively private living, telemonitoring should provide the residents with an ability to exert control on the monitoring system (e.g., location of sensors, access to data, moment of use).
Structured interviews with the residents reveal that the target group does not receive health care in a uniform manner. On the one hand, certain residents receive care up to six times per day (e.g., with bathing and dressing). On the other hand, certain residents receive no care whatsoever, and live strictly independent from caretakers. The implication of this context is discussed further in the next section. In addition, we note that residents express that they are often confronted by family, or caretakers, that are concerned about their general health and living conditions. Typically, General health -
Eating/drinking -x x x x + x x x x x x x P Z Safety -x x x x x x + x x P Z the concerns relate to potential incidents and the adequate response thereon, and whether or not the provided care is still sufficient for a resident's present situation. We surmise that, for a large extent, these concerns may not have risen had specific information been available on the health and wellbeing of the residents. Generally, as the interviewees pointed out, social commitment amongst the residents of assisted living residences is relatively low. In this regard, we note that telemonitoring may also have application, for instance as a means to enhance the sense of security within a network of relatively isolatedly-living elderly.
E. Discussion with medical specialists
Here we discuss the results of an open, unstructured group discussion with medical specialists (cf. Subsection III-A). The medical specialists indicate that they deem telemonitoring particularly relevant for monitoring (1) inactivity, (2) selfneglect, and (3) loneliness. With regard to these three points of attention, the specialist suggest numerous measurable indicators. That is, for inactivity, measuring physical movement is suggested (e.g., the distance covered by walking indoors, the number of times that an individual leaves the house). For self-neglect, measuring toileting, bathing, self medication, doing groceries, dressing, and feeding is suggested. We note that these suggestions reflect for a large extent the basic activities of daily living (ADL) as defined by Katz [41] , i.e., bathing, dressing, toileting, transferring, continence, and feeding. For loneliness, measuring the number of social visits is suggested, and the number of times that an individual leaves the house. Moreover, the medical specialists, in light of anticipated acceptance by caretakers, reason against monitoring systems that are focussed solely on providing caretakers with an automatically generated diagnosis of a client's health and wellbeing. Instead, the specialists suggest a focus on signaling deviations and trends in behavioural patterns, to ensure that the caretakers can respond timely and adequately to alarming situations in the present, and in the long term.
In addition, the specialists note that the group of elderly people that may benefit most from telemonitoring techniques, are those that currently receive little to no monitoring by means of conventional health care. Yet, numerous of these elderly people consciously refrain from utilising health care services. Analogously, one may expect that services provided by telemonitoring techniques will be declined by this particular group. Inversely, one may also expect elderly people to adopt telemonitoring techniques precisely because it empowers them to remain independent, in control, and without the need for unwanted visits of caretakers [68] .
IV. SETTING THE REQUIREMENTS
In this section we set the requirements for a telemonitoring system for independently living elderly. First we provide (A) a general discussion of the results of the interviews. Subsequently, we discuss (B) how to map the interview results to requirements for a telemonitoring system for the target domain.
A. General discussion
In a comparison of the interview results of health-care professionals and volunteer aids, we observe note several interesting difference in the results (see Table IV ). That is, health-care professionals have difficulty assessing the general health, mental wellbeing, and social interaction of elderly, whereas this seems not to be an issue for volunteer aids. An explanation of this phenomenon may be that due to better medical education of the health-care professionals, they are more aware and knowledgeable on the insufficiency on their diagnoses. Where, on the other hand, volunteer aids may draw conclusions on the health and wellbeing of the elderly with less restraint.
In addition, we note that independently living elderly do not receive care in a uniform manner. Some individuals, in fact, reside in an assisted living residence, yet have no contact with health-care professionals whatsoever. Though the difference in received care within the target domain is of natural concern to placement and marketing of a telemonitoring product (which falls outside the scope of our research), we note particularly that individuals who may benefit most from a telemonitoring system, are those individuals who at present reside independently from care, and live relatively isolated in terms of social contacts. In this regard, the biggest challenge for telemonitoring may not be technical in nature, but rather a matter of creating conditions for acceptance by the elderly. We surmise that the perceived ability to empowerment (as opposed to interference), may contribute greatly to final acceptance, and by implication, the effectiveness in practise of a telemonitoring system. Now that the issues that came forth have been discussed, we continue by mapping the interview results to requirements.
B. Mapping the interview results to requirements
Here we discuss how to map the interview results to requirements for a telemonitoring system for the domain of independently living elderly. In our discussion, we concentrate on the focus the system (B.1), its functionality (B.2), and its form (B.3). 1) Focus: In accordance with work by Sponselee et al. [59] , interviews with both residents of assisted living residences and volunteer aids reveal that their information need concerns foremost safety, typically with regard to care response on emergencies (e.g., falling incidents, wandering). However, interviews with health-care professionals and medical specialists reveal that their information need concerns indicators on the elderly's dependence on care (e.g., inactivity, self-neglect, loneliness). As prioritising monitoring the dependence on care over monitoring safety may substantially hamper acceptance by elderly, or inversely, utilisation of the telemonitoring system by health-care professionals, we would like to argue that as a requirement for the domain of independently living elderly, the focus of a telemonitoring system should lie both on monitoring safety, as well as on monitoring independence.
2) Functionality: With regard to functionality, we note that a telemonitoring system focussed on safety and dependence monitoring may take distinct directions (cf. Section II). However, as literature indicates the importance of providing technology that empowers elderly to remain independent from care [68] , we would like to argue for a monitoring system with as functionality a semi-automatic emergency response. That is, the trigger to emergency response should always be (1) raised by the elderly, or (2) confirmed by the elderly, albeit implicitly in case of unconsciousness. A potentially powerful implementation in this regard, are sensor networks that are connected to an intelligent voice response system. Functionally, monitoring independence may be implemented via relatively simple measures (e.g., decline of movement speed in a certain location), to relatively complex measure (e.g., classification of activity patterns, and deviations therein). We recommend researchers to establish precisely which of the numerous measures with regard to independence they are interested in, and on this basis adopt available technology accordingly.
3) Form: In accordance with literature discussed in Subsection II-D, requirements with regard to the form of the telemonitoring system point foremost to the use of nonwearable sensors, unobtrusiveness [63] , durability [64] , and reliability [65] . In addition, monitoring should be ubiquitous, so the monitored person would not need to remember to enable (or don) the equipment [66] . Requirements with regard to privacy are investigated in detail by Layouni et al. [67] . Considering the requirements mentioned above, we would like to argue for ubiquitous telemonitoring that is based on simple sensors (e.g., reed switches, motion sensors) that are placed unobtrusively in the home environment (e.g., without extensive and visible wiring). Evidently, the selected sensors need to be durable with regard to battery life, and reliable with regard to continuous availability of sensor data, and noise therein.
V. CONCLUSIONS AND FUTURE WORK
In this paper we investigated the precise focus required of a telemonitoring system for the domain of independently living elderly. Particularly, we investigated (1) the needs of telemonitoring for this particular domain, and (2) the requirements for such a telemonitoring system. For our investigation, we performed an extensive study of the literature, as well as performed interviews with 36 individuals active in the field. As a result, we established numerous needs to be considered, being foremost information need on safety, with regard to care response on emergencies (e.g., falling incidents, wandering), as well information need on dependence on care, with regard to inactivity, self-neglect and loneliness. Subsequently, we established numerous requirements to be addressed, being foremost the use of non-wearable sensors, unobtrusiveness, durability, reliability, privacy, and ubiquitousness. In our discussion of the requirements, we detailed specifically the topics of focus, functionality, and form of a telemonitoring system for this domain.
For future work, we will investigate the acceptance by elderly, and utilisation by health-care professionals, together with its benefits, of a telemonitoring system that in its design considers the needs and requirements that were established.
